Fhit protein is known to play a role in the process of neoplastic transformation. It has been demonstrated that FHIT gene inactivation is manifested by a lack or very low concentration of Fhit protein in tissues collected from tumours in many organs, including head, neck, breast, lungs, stomach or large intestine. The study included a group of 80 patients with advanced gastric carcinomas. The expression of Fhit protein was assessed by means of the immunohistochemical method (avidin-biotin-streptavidin) in the sections fixed in formalin and embedded in paraffin, using rabbit polyclonal antiFhit antibody (Abcam, UK) at 1: 200. Statistical analysis did not show any correlation of the expression of Fhit protein in the main mass of tumour and in the metastasis to lymph node with gender, depth of wall invasion, histological differentiation, Lauren's classification, Bormann's classification, metastases to local lymph nodes or Helicobacter pylori infection. However, a strong statistical correlation was revealed of Fhit protein expression in the main mass of tumour with patients' age (p=0.04) and tumour location in the stomach (p=0.02). No relationship was found between Fhit expression in the main mass of tumour and survival time (p=0.26).
Introduction
Gastric carcinoma remains one of the most common causes of deaths due to malignant neoplasms worldwide. A rapid increase in the incidence and death rates caused by this carcinoma was recorded in the second half of the 20 th century. Gastric carcinoma is the second, after lung cancer, cause of deaths due to malignancies in the world. Its incidence varies geographically, being the highest in Japan, China, South America and much lower in Western Europe and in the USA [1] . Poland is amongst the countries with the highest incidence and mortality rates for this carcinoma. In men, lung cancer is the predominant malignancy, being the cause of one third of all carcinomas and deaths due to them. In Poland, like worldwide, gastric carcinoma, is the second cause of deaths due to malignancy among men. Women most frequently die of cancers of the breast, lung, large intestine, ovary and cervix. Gastric carcinoma is the fifth cause of death in women [2] .
The vast majority of diagnosed and treated gastric carcinomas are advanced. The lesions surpass the mucous membrane, invade successive layers of the gastric wall, and even infiltrate adjacent organs, giving metastases to local lymph nodes and distant organs.
Gastric carcinogenesis is a complex multistep process resulting from the interaction between genome and environmental factors. Many exogenous factors seem to contribute to the initiation of carcinogenesis in the stomach, including diet, chemical agents and infections, e.g. caused by Helicobacter pylori and EpsteinBarr virus [3] .
The risk of gastric carcinoma has been shown to increase seven-fold in patients with H. pylori infection as compared to non-infected patients. H. pylori exerts its carcinogenic effect in the stomach via one of two possible mechanisms: 1. direct transformation of gastric mucosa via metabolic products, 2. rapid transformation of epithelial cells triggered by infection-induced mucosal damage, which may increase the risk of DNA destruction, thus predisposing the mucosa to transformation through absorption or endogenous mutagens and inflammatory bioproducts, e.g. peroxide and hydroxy ions [4] . The analysis of a tumour suppressor gene, i.a. FHIT gene, and Fhit protein may help in the search of factors responsible for the progression of the neoplastic process.
The FHIT gene is located within the short arm of chromosome 3 (3q14.2) in FRAB3, being the most fragile site in the human genome [5] . The FHIT gene encodes a 16.8 kDa protein. The Fhit protein belongs to the family of Hit proteins (histidine triad), most commonly encountered in nature, both in procaryotic and eucaryotic organisms [6] . The FHIT gene overexpression in several cell lines leads to apoptosis induction and proliferation inhibition [7] , thus suggesting that the FHIT gene may play a role in the regulation of cell cycle. In humans, the FHIT gene undergoes inactivation in the early phase of many malignancies, which is usually reflected by loss of heterozygosity, whereas point mutations of the FHIT gene are very rare [8] . Hypermethylation of the promotor region is another mechanism involved in tumour suppressor gene inactivation and has been observed in e.g. gastric carcinoma [9] .
The objective of the current study was to assess Fhit protein expression in the main tumour mass and lymph node involvement in advanced gastric carcinoma in correlation with chosen clinicopathological factors, Helicobacter pylori infection and survival time of patients following tumour resection.
Materials and methods
Patients. The study was performed on a group of 80 patients (26 women, 54 men), who were surgically treated for advanced gastric carcinoma in II Department of General Surgery and Gastroenterology, Medical University of Bia³ystok, in the years 1998-2003.
Immunohistochemistry. Formalin-fixed and paraffin-embedded tissue samples were cut on a microtome to obtain 5 µm thick sections, which were then deparaffinized in xylenes and rehydrated through decreasing ethanol concentrations. In order to expose the antigen, the sections were heated in a pressure cooker in citrate buffer for 3 min (pH=6.0). Next, they were incubated with 3% hydrogen peroxide followed by incubation with a rabbit polyclonal antiFhit antibody (Abcam, UK) at 1:200 for 60 minutes at room temperature. After reaction in LSAB (LSAB +System HRP, Dako, Poland), the antigen-antibody complex was visualized using chromogene DAB (S3000, DAKO, Poland).
Evaluation of samples. Fhit protein expression was evaluated semiquantitatively and classified as follows:
• 0 -lack of Fhit protein expression in the main mass of tumour and in metastatic lymph node • 1 -Fhit expression in 1-30% of the cells assessed in primary tumour and in metastatic lymph node • 2 -Fhit protein expression in above 30% of assessed neoplastic cells. 
Results
Statistical analysis showed no correlation of Fhit protein expression with patients' gender, depth of invasion, histological differentiation grade or local lymph node involvement. Moreover, no relationship was found between positive immunohistochemical reaction to Fhit protein and patients' age or tumour location in the stomach (Table 1 ). The findings revealed lack of correlation between the expression of Fhit protein in the metastatic lymph node and the anatomopathological parameters studied (Table 2) . Similarly, no statistically significant correlation was noted between the expression of Fhit protein in the main mass of tumour and in the metastatic lymph node (Table 3) . No correlation was found between Fhit protein expression and survival time. Patients without Fhit expression or with expression up to 30% were found to survive approximately 60 months after surgery, whereas survival rate in the case of tumour Fhit expression above 30% was about 85 months following surgery. The difference was not statistically significant (p=0.26) (Fig. 1) .
Discussion
Neoplastic transformation is a complex multistep process involving, among others, loss of suppressor gene functions and oncogene activation. These changes affect a number of cellular processes: proliferation, genetic stability or cell survival [10] .
The short arm of chromosome 3 is one of the most common sites of chromosomal abnormalities in carcinoma. Loss of chromosome 3p alleles has been described in numerous malignancies, e.g. in the carcinoma of the kidney, lungs and breast [4, 11] . The human FHIT gene is located at the FRA3B site of chromosome 3p14.2. The Fhit protein encoded by this gene is able to prevent uncontrolled cell proliferation through a proapoptotic action and inhibition of cell proliferation. Loss of gene FHIT expression may have a pivotal role in the pathogenesis of gastric disorders [10, 12] .
We found no statistically significant correlation between the expression of Fhit protein in advanced gastric carcinoma and such clinicopathological parameters as patients' gender, depth of invasion in the gastric wall or histological differentiation grade. Similarly, we found no relationship between the protein expression and Lauren's and Borman's classifications. These data are consistent with the findings obtained by other researchers [13, 14, 15] . Capuzzi et al. [13] found no correlation between Fhit protein expression and Lauren's classification or the rest of parameters. Also tumour invasiveness did not correlate significantly with Fhit protein expression. However, they noted a significant negative correlation of Fhit protein expression with tumour stage at the time of diagnosis and with histological differentiation grade. More advanced tumours with higher differentiation grade more frequently showed lack of Fhit protein expression [15] . Also Naguchi et al. found no relationship between Fhit protein expression and major prognostic factors such as pT, pN, infiltration via veins or differentiation grade [11] . On the other hand, Rocco et al. [9] demonstrated a decrease in Fhit expression or its lack in most gastric adenocarcinomas, with a statistically significant correlation in the diffuse type, low differentiation grade and advanced stage. Changes in the FHIT gene were directly correlated with a lack of Fhit expression, and thus the immunohistochemically examined protein expression appears to be a sensitive marker of changes in the FHIT gene [9] .
A statistically significant correlation was observed between lack or reduction in the expression of Fhit protein expression and lymph node involvement. No relationship was found between Fhit expression and advancement stage and histological differentiation grade [8] . We did not observe any statistically significant correlation between the expression of Fhit protein in the main mass of tumour and the presence of lymph node involvement. Among 80 cases assessed in our study, metastases to local lymph nodes were present in 23. The affected lymph nodes most frequently showed lack of Fhit protein expression (13 cases), four lymph nodes displayed Fhit expression in ≤30% and six in >30% of tumour cells.
A comparison of a lack of heterozygosity (LOH) within the FHIT locus with histopathomorphological features revealed no statistically significant differences between the histological type and type of growth pattern according to Lauren's classification and WHO classification [16] . An allelic loss of the FHIT gene, depending on invasion depth (pT), was observed in 25% of all the early gastric cancers. However, no significant correlation was found between LOH frequencies in early gastric cancers (pT1) and advanced gastric cancers (pT2-pT4). Moreover, no relationship was observed between LOH of the FHIT gene and lymph node involvement (pN), differentiation grade or invasion through veins. Moreover, LOH of the FHIT gene did not affect prognosis within various groups of patients according to Lauren's classification or important prognostic parameters such as invasion depth (pT) and lymph node involvement (pN) [11, 14] .
We found a statistically significant relationship between tumour Fhit protein expression and patients' age. We observed a lack or reduction in the expression mainly in elderly patients (over 60). Similarly, strong Fhit expression was also noted in patients aged >60 (20 cases) as compared to patients in the age range ≤60 years (4 cases).
A statistically significant correlation was found between the expression of Fhit protein in the neoplastic tissue and tumour location in the stomach. We found the absence of the expression or its reduction in patients with lesions located in the middle 1/3 part of the stomach. Strong expression of the protein was noted mainly in patients with a lesion located in the lower 1/3 of the stomach or throughout this organ.
Skopelitou et al. [17] demonstrated a lack or reduction in the expression of Fhit protein in the inflammation of gastric mucosa associated with Helicobacter pylori infection. Negative immunohistochemical staining, similar in chronic gastric mucosa inflammation and in gastric adenocarcinomas, was found to strongly correlate with H. pylori infection and with dysplasia, but not with intestinal metaplasia or H. pylori activation grade. Moreover, these investigators showed a correlation between lack or reduction in Fhit protein expression and dysplasia degree or neoplastic progression. Similarly, Stec-Michalska et al. [18] reported a relationship between a decrease in Fhit expression and the presence of dysplasia or family history of gastric carcinoma, especially in association with Helicobacter pylori. In our study, the lack or reduction in Fhit protein expression was most common in patients with high degree of H. pylori infection. These data, however, were not statistically significant.
In our study, no correlation was noted between the lack of Fhit protein expression in the main mass of tumour and survival time. Patients with strong immunohistochemical reaction in tumour (>30% of the cells) were found to live much longer after surgery as compared to those without Fhit expression in cancer tissue or with the expression observed in less than 30% of tumour cells. This difference was significant (approximately 25 months).
This finding seems to suggest that a lack or reduction in Fhit protein expression in tumour can be an unfavourable prognostic factor for patients with advanced gastric cancers. However, the differences were not statistically significant. Similar correlations were observed by Capuzzi et al. [13] . They found a significant correlation between the researchers demonstrated a relationship of tumour advancement grade with survival time but not with histological differentiation grade. Reduction in Fhit protein expression was associated with shorter survival time, irrespective of tumour histological differentiation grade. They also observed a correlation between a reduction in Fhit expression in more advanced tumours and shorter survival time. Higher stage of tumour advancement may thus indicate unfavourable prognosis.
Our findings may suggest that a lack of Fhit protein expression can be a favourable prognostic factor in patients with advanced gastric cancer. However, these data were not statistically significantly correlated. 
